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^ (54) Title: NEBDLB APPARATUS AND METHODS FOR GLOSDTG SEPTAL DEFECTS 





(57) Abstract: Apparatus and methods 
for closing a septal defect including a flap 
of tissue partially detached &om a septum 
of a heart. A needle is advanced through 
a patient's vasculature within a delivery 
apparatus until the needle is disposed 
within a'first chamber adjacent llie septum. 
The needle is directed through the flap of 
tissue until the needle is disposed within 
a second chamber opposite the septum. A 
filament attached to an inteimediate region 
of the needle is pulled, thereby causing 
the needle to pivot about the intennediate 
region such that the ends of the needle 
straddle the septal opening. A locking 
elenoent is secured to the filament to secure - 
the flap of tissue against the septum, and 
the filament is cut. Alternatively, the 
filament is biased to coil to engage the flap 
of tissue and secure the needle against the 
septum to close the opening. 
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NEEDLE APPARATUS AND METHODS FOR CLOSING SEPTAL DEFECTS 

FIELD OF THE INVENTIQN 
The present invention relates generally to apparatus and methods for treating septal 
defects, and more particularly to apparatus and methods for closing a patent foramen ovale 
or otber septal defect that include a flap of tissue using a needle device. 



BACKGROUND 

10 Daring development of a fetus in utero, blood is generally oxygenated by the 

mother's placenta, not the fetus' developing lungs. Most of the fetus' circulation is 
shunted away fiom the lungs through specialized vessels or foramens that are open during 
fetal life, but generally close shortiy after birth. Occasionally, however, these foramen feil 
to.close and create hemodynamic problems, which may ultimately prove fetal unless 

15 tieated. 

One defect that may occur is a patent foramen ovale CTFO") or patent ductus 
arteriosus ("PDA"), which may occur between the left and right atria of the heart. During 
fetal life, an opening called the foramen ovale allows blood to pass directly from the right 
atrium to the left atrium (bypassing the lungs). Thus, oxygenated blood from the placenta 
2 0 may travel through the vena cava into the right atrium, through the foramen ovale into flie 
left atrium, and from tibiere into the left ventricle for delivery via the aorta to die fetus' 
body. After birth, the foramen ovale is replaced with a membrane called the fossa ovalis, 
and over time, a solid mass of tissue may form. 

Occasionally, this membrane and tissue mass fail to form or completely close the 
2 5 foramen ovale, which may be fatal if untreated. Similar defects may occur in other regions 
within a septum between chambers of the heart, such as atrial septal defects, ventricular 
septal defects, and the like. 

To close such defects, open surgery may be performed to ligate and close the 
defect Such procedures are obviously highly invasive and pose substantial morbidity and 
30 mortality risks. 

Alternatively, caflaeter-based procedures have been suggested. Ttese may involve 
introducing umbrella-like stmctures into llie heart that include opposing expandable 
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structures connected by a hub. One of the expandable structures is inserted through the 
defect, and both axe expanded to secure the tissue sunounding the defect between the 
structures in an attempt to seal and close the defect Such structures, however, involve 
frame structures that support membranes, both of which may feil during the life of the 
5 patient being treated, opening the defect, and/or releasing segments of the structure within 
the patient's heart 

Accordingly, apparatus and methods for closing patent foramen ovale, patent 
ductus arteriosus, or other septal defects would be considered useful. 

10 SUMMARY OF THE INVENTION . 

The present invention is directed to apparatus and methods for closing patent 
foramen ovale CTFO'O, patent ductus arteriosus ("PDA*'), or other septal defects. 

In accordance with a IBrst aspect of the present invention, an apparatus for closing a 
septal defect is provided that includes an elongate needle including a first end defining a 

1 5 tissue-penetrating tip, and a second end defining a substantially blunt tip. A filament 

ot^s from an intmnediate portion of the needle betwe^ the first and second ends, and 
a lockmg element, such as a clip, clamp, cross-brace, and the like, may be secuiable to the 
filament, thereby preventing the locking element firom moving along the filament away 
fix>m the needle. 

2 0 Preferably, the needle has a tapered cross-section such that the second end is 

substantially larger than the first end. A slot may be provided in the needle that extends 
from the intermediate portion to the second end, the slot having a size for receiving a 
portion of the filament therein. The second end of the needle may include a flared outer 
edge and/or a rounded iimer edge. 
25 In one embodiment, the locking element may be a clip tiiat is sUdable along the 

filament towards the needle, the clip including opposing arms having teeth or oflier 
engaging elements for preventing the clip from being moved along the filament away from 
the needle. Alternatively, the clip may be plastically defoimable such that the clip may 
received around the filament and tiien crimped or otherwise secured to the filament during 

3 0 closure of a septal defect, as explained further below. 

In accordance with another aspect of the present invention, a delivery apparatus for 
delivering a needle apparatus, such as that described above, is provided that includes an 
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outer catheter and a pusher member that axe slidably coupled to one another. The catheter 
may be a tubular member including proximal and distal ends and a lumen therebetween, 
the distal end having a size for insertion into a blood vessel or other body lumen. The 
needle may be carried within the lumen such that the first ^d is disposed distally to the 
5 second end. 

The pusher member may be an inner catheter or other elongate member that is 
disposed within flie lumen of ^ outer caflieter. The pusher member may include a distal 
end that may be disposed proximate the second end of the needle, the pusher member 
being movable axially relative to the tubular member for ejecting the needle distally from 

10 the lumen. The pusher member may include a lumen extending proximaUy from the distal 
end of the pusher member such that the filament eTCtending fi:om the needle may be 
received through the lumen. 

An actuator may be provided on the proximal end of the tubular member and/or the 
pusher member for advancing the pusher member relative to flie tubular member. 

15 Preferably, the actuator may limit advanc^ent of the pusher member such that tte distal 
^d of the pusher member extends only a predetermined distance b^ond the distal end of 
the tubular member when activated. The actuator may also be coupled to the filament 
received through the lumen in the pusher member for applying proximal tension to the 
filament during use, as described further below. 

2 0 The lumen of the catheter may include an enlarged distal region proximate the 

distal end for receiving the needle therein. For example, the second end of the needle may 
have a cross-section that is substantially larger &an a cross-section of the distal end of the 
pusher member. In addition, the second end of the needle may have a flared outer edge 
such that the second end ^tends laterally from the distal end of the pusher member. 

2 5 Alternatively, the second end of the needle may simply be larger in cross-section than the 

distal end of fiie pusher member, In addition, the second end of die needle may include a 
rounded edge for fiicilitating pivoting of the needle about the intermediate region when the 
filament is pulled proximally. 

In addition, the delivery apparatus may include a clip carrier having a pzoximal end 

3 0 and a distal end having a size for introduction into a body lumen. A clip or other locking 

element may be releasably carried by the distal end of the clip carrier, tiie clip including 
opposing aims defining a slot therebetween for recdving a filament therein. The clip 
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carrier may include a hanmiei/aiivil airangement for plastically deforming at least one of 
iJie opposing arms to engage a filament received widiin the slot. The clip carrier may be 
completely separate &om the catheter and pusher member or may be carried by the 
catiieter and/or pusher member. For example, the catheter may include an additional 
hamea through which fhe clip cander may be advanced. 

In a further alternative, the delivery apparatus may include an imaging device 
including an imaging draient associated wifih the distal end of Hie tubular member for 
imaging beyond the distal end of the tubular member. For example, 'die I'tnagitig device 
may be an endoscope or ultrasound device that may be received within a lumen of the 
tubular member or may be a separate device that may introduced independently into the 
patient but used in conjunction with the delivery apparatus during a procedure. 

Jn accordance with yet another aspect of the present invention, a meHiod is 
provided for closing a PFO or other septal defect within a patient's heart* Generally, the 
septal defect includes a flap of tissue partially detached from a septum wall between first 
and second chambers of the heart, the flap of tissue and surroundmg tissue of the septum 
wall defining a septal opening through the septum wall. Initially, a needle may be 
provided that includes a first end defining a tissue-penetrating tip, a second end defining a 
substantially blunt tip, and an intermediate portion between the first and second ends Scorn 
which a filament extends. 

The needle may be advanced through the patient's vasculature until the needle is 
disposed within the first chamber of the heart adjacent the septal opening. For example, 
the needle may be disposed within a distal ^d of a delivery apparatus including a catheter 
and a pusher member slidably coupled to one another. The distal end of die delivery 
apparatus may be advanced through the pati^t's vasculature, e.g., fi:om a percutaneous 
entry site, into fhe first chamber until the distal end is disposed adjacent tfie flap of tissued 

The first end of the needle may be directed through the flap of tissue until the 
second end passes through the flap of tissue and the needle is disposed within tiie second 
chamber of the heart For exanq?le, the pusher member may be advanced distally relative 
to fhe catheter, thereby directing fhe needle firom within the delivery apparatus and into 
and through fhe flap of tissue. Preferably, the pusher member is advanced a predetermined 
distance, e.g., such that the distal end of die pusher member extends completely through 
fhe flap of tissue to ensure that fhe needle is directed entirely into the second chamber. 




wo 03/022160 PCTAJS02/28252 

-5- 

Tbe filament may then be pulled proxiinally, thereby causing the needle to pivot 
about the intermediate region such that the first and second ends of the needle straddle the 
septal opening within the second chamber. As the filament is pulled, the blunt tip of the 
needle may engage, a distal surface of the flap of tissue, thereby preventing the needle fi-om 
5 . being pulled back through the JBiap of tissue. The blunt tip of the needle may include an 
enlarged or flared end, e.g., larger flian the distal end of the pusher member, also to 
prevent the needle from being pulled through the flap of tissue. Instead, tihe.blunt tip of 
the needle may slide along a distal sur&ce of the fl^ of tissue and/or the septum waH^ 
itiexGhy causing flie needle to pivot about the intermediate region of the needle. 

1 0 Preferably, Hie blunt tip of die needle includes a rounded inner edge for facilitating 
movem^ of tiie needle along the distal surface. 

The flap of tissue may be directed into engagement wifli the septum wall to at least 
partially close the septal opening. For example, a locking element may be secured to the 
filament, the locking element en^ging the proximal sur&ce of the flap of tissue to secure 

15 the flap of tissue between the needle and the locking element. To accomplish this, a clip 
• carrier may be introduced into the first chamber of the heart The clip carrier may be 
manipulated to receive the filament within a clip carried by the clip carrier, and then the 
clip may be crimped or otherwise plastically deformed, e.g., by a mechanical crimper on 
the clip carrier, to secure the clip to the filament Alternatively, a locking element may be 

2 0 slidably secured on the filament The locking element may be slid along the filament 
towards the needle until the flap of tissue is secured against the tissue surrounding the 
septal opening. The locking element may include teeth or other elements that 
accommodate sliding the lockmg element along the filament towards the needle, but 
prevent subsequent movement of the locking element along the filament away fix>m the 

2 5 needle. In addition, the needle and/or locking element may have lengths greater than a 
width of the septal openmg, such fliat the fl^ of tissue may be secured between the needle 
and the locking element, thereby substantially closing the septal opening. The filament 
may be cut or otherwise detached firom tiie delivery apparatus, and the delivery apparatus 
removed fi:om the patient's body. 

30 In accordance with still another aspect of the present invention, an ^paratus is • 

provided that includes an elongate needle including a first end defining a tissue- 
penetrating tip, a second md defining a substantially blunt tip, and a longitudinal axis 
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extending between the first and second ends. A filament extends from an intermediate 
portion of the needle between the first and second ends. At least a segment of tiie filament 
may be biased towards a configuration defining a plane extending generally parallel to the 
longitudinal axis. Thus, the filament may be extendable towards a generally linear 
5 configuration, but may resilienfly attempt to return towards the planar configuration. 

In a piefened enibodim^t, the filam^t includes first and second segments. The 
first segment may be attached to the intennediate portion of the needle and biased to 
extend transversely with respect to the longitudinal axis. The second segment extends 
fix>m the first segment and may be biased to extend transversely to the first segment such 

10 that &e second segment defines the plane that extends g^eiaUy parallel to the longitudinal 
axis of the needle. Ilze second segment may be biased towards a coiled configuration, the . 
coiled configuration l3ring substantially within the plane. Alternatively, tlie second 
segment may be biased towards other planar configurations lying substantially within the 
plane, for example, including at least one of an "L,** a "U," a and/or an "S" shape. 

15 The apparatus may include a tubular member, including proximal dnd distal ends 

and a lumen extending therebetween. The distal end may have a size for insertion into a 
blood vessel. Generally, the needle is carried within the lumen such that the first end is 
disposed distally to the second end. A pusher member may be slidably disposed within the 
lumen, the pusher member including a distal end disposed proximate the second end of the 

20 needle. Preferably, the pusher member is movable axially relative to the tubular member, 
for ejecting the needle distally &om the lumen. 

The pusher member and/or the tubular member may include a gripping mechanism 
for releasably securing a loose end of the filament, thereby restraining the filament in the 
gmeially linear configumtion. An actuator may also be provided on the proximal end of 

25 the pusher member and/or the tubular member for releasing the loose end of the filament, 
whereupon the filament m^ be free to assume the planar configuratiott 

The apparatus may be used for closing a septal defect within a patient's heart, 
similar to the ^bodiment described above. The needle may be advanced through the 
patient's vasculature, e.g., within the tubular member, until die needle is disposed within 

30 the first chamber of the heart adjacent the septal opening. The first end of the needle may 
be directed through the flap of tissue until the second end passes through &e flap of tissue 
and the needle is disposed wifliin the second chamber of the heart. The filament may be 
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pulled, thereby causing the needle to pivot about the intennediate region such that the first 
and second ends of the needle straddle the septal opening within the second chamber. The 
filament may then be released, the filament resiliently assuming a generally planar 
configuration, thereby engaging the flap of tissue between the needle and the filament to at 
least partially close the septal opening. 

Other objects and features of the present invention will become apparent &om 
consideration of the following description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a first preferred embodiment of a needle apparatus 
for closing a septal defect; in accordance wi4i the present invention. 

FIG. 2 is a cross-sectional side view of a delivery apparatus for delivering die 
needle apparatus of FIG. 1. 

FIG. 3 is a cross-sectional view of a heart including a PFO in a septum wall of the 
heart; showing an apparatus bemg introduced for treating the PFO. 

FIGS. 4A and 4B are perspective details of the PFO of FIG. 3, showing a method 
for closmg a PFO using the needle apparatus of FIG. 1. 

FIGS. 5A-5D are cross-sectional views, showing a method for closing a PFO using 
the needle apparatus of FIG. 1. 

FIG. 6 is a perspective view of a second preferred embodiment of a needle 
apparatus for closing a septal defect, in accordance with the present invention. 

FIG. 7 is a cross-sectional side view of an apparatus for delivering the needle 
apparatus of FIG. 6. 

FIGS. 8 A and 8B are cross-sectional views, showing a method for closing a PFO 
using the needle apparatus of FIG. 6. 

DETAILED DESCRIPT[ON OF THE PREFERRED EMBODIMENTS 
Turning now to the drawmgs, FIGS. 1 and 2 show a first preferred embodiment of 
an apparatus 10 for closing a septal defect, such as a PFO or PDA, in accordance with the 
present invention. Generally, the apparatus 10 includes a needle apparatus 12 and a 
delivery apparatus SO for introducing and deploying the needle apparatus 12. 
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With particular reference to FIG. 1, the needle apparatus 12 includes an elongate 
needle 14 including a first end 1 6 deJSning a tissue-penetrating tip, a second end 18 
defining a substantially blunt tip, and an intermediate region 20 between the first and 
second ends 16, 18. The needle 14 may be formed &om a variety of substantially rigid 
5 biocompatible materials, e.g., stainless steel. 

Pieferably, the needle 14 includes a longitudinal slot 22 therein that extends 
between the infennediate region 20 and the second end 18. The second end 18 of the 
needle 14 may include a flared outer edge 24 that extends transversely outwardly, and a 
rounded inner edge 26. The second end 18 of fte needle 14 preferably has a cross-section 

1 0 that is substantially larger than the first end 16, and more preferably that is substantially 
larger than &e intermediate region 20. For example, flie second end 18 may have a 
generally "U** shape, as shown, defining the slot 22 therem. 

The needle apparatus 12 also includes a filament 30 that extends firom the 
intermediate region 20 of the needle 14. The filament 30 is preferably formed 60m a 

1 5 substantially inelastic biocompatible material, such as non-bioabsorbable suture material, 
e.g., plastic. Preferably, a first end 32 of the filament 30 is substantially permanently 
attached to the intermediate region 20, e.g., through a loop 34 on the intermediate region 
20, and a second end (not shown) of the filament 30 is loose. Alternatively, a wall of the 
intermediate region 20 may include a hole (not shown) through which the first end 32 of 

20 , the filament 30 may be secured. In a fiirther alternative, the intermediate region 20 may 
include a recess, groove, slot, and the like (not shown), for receiving the first end 32, e.g., 
such that the filament 30 may be tied around the intermediate region 20 and received 
within the recess. In addition or alternatively, the first end 32 of the filament 30 may be 
attached to the needle 14 by an adhesive or other bonding method, sonic welding, and the 

25 like. 

In addition, the needle apparatus 12 may also include a clip or other locking 
element 40 that may be secured to fiie filament 30. In a preferred embodiment, the clip 40 
includes opposing arms 42 defining a slot 44 therebetween for receiving &e filament 30 
therein. The inner surfaces of the aims 42 may include teeth or other engaging elements 
3 0 (not shown) that allow the clip 40 to be directed along the filament 30 towards file needle 
12, but prevent the clip 40 firom being moved along the filament 30 away fi?om Uie needle 
12. Alternatively, fiie cUp 40 may be plastically deformable such that fiie arms 42 may be 
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disposed initially apart sufficient to freely introduce the filament 30 therebetween, and 
then crimped or otherwise directed towards one another to ficictionally secure the clip 40 at 
a desired location on the filament 30. 

With particular reference to FIG. 2, the delivery apparatus 50 generally includes an 
5 outer catheter or tubular member 52, and an inner catheter or pusher member 54. The 
outer catheter 52 includes a proximal end (not shown), and a distal end 56 having a size 
for insertion into a blood vessel dr other body lumen (not shown). Thet distal end 56 
preferably has a tapered and/or rounded distal tip 58, 6.g., for &cilitating substantial 
atraumatic advancement of the delivery apparatus 50 through a patient's vasculature. The 

1 0 outer catheter 52 also includes a lumen 60 tiierem Ifaat extends between the proximal and 
distal ends 56. In the embodhnent shown, the lumen 60 mchides an enlarged distal region 
62 having a size for receiving the needle 12. Preferably, the needle 14 may be received in 
the enlarged distal region 62 such that the first end 16 is disposed distally to the s 
endlStherem. < 

1 5 The pusher member 54 includes a proximal end (not shown) and a distal end 64 

having a size such that the pusher member 54 may be slidably disposed within the lumen 
60 of the outer catheter 52. The distal end 64 is preferably substantially blunt and has a 
cross-section that is substantially smaller than a projected cross-section of the needle 12. 
The distal end 64 is disposed proximate the second end 1 8 of the needle 12, and the pusher 

2 0 member_54 is movable axially relative to the outer catheter 52 for ej ecting tiie needle 12. 
distally from the lumen 60, as described further below. In a prefened embodiment, the 
pusher member 54 includes a lumen 66 extending proximally from the distal end 64 of the 
pusher member 54, and preferably extending to the proximal end of the pusher member 
54. As shown, the lumen 66 has a size for receiving the.filament 30 therethrough. 

2 5 Alternatively, the pusher member 54 may include a longitudinal groove or slot (not 

shown) extending along an outer wall 'of the pusher member 54 from the distal end 64 to 
the proximal end. The groove or slot may have a size for slidably receivmg the filament 
309 therein. In a firrfher alternative, the delivery apparatus may include mterlocked rails 
(not shown)tfaat may slide axially relative to one another m a controlled manner, instead of 

.30 the outer catiieter 52 and the pushermember 54. 

An actuator, e.g., a handle device (not shown), may be provided on the proximal 
end of the outer calheter 52 and/or the pusher member 54 that may limit relative axial 
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15. The apparatus of claim 14, wherein the locking element comprises 
opposing aims defining a space therebetv^een for receiving the filament therein, and 
wh^ein die carrier member comprises a hammer arrangement for plastically deforming at 
least one of tiie opposing arms to fiictionally engage the filament 

16. The ^paratus of claim 1, further comprising an imaging device comprising 
a imaging element associated with Ihe distal end of the tubular memb^ for imagmg 
beyond the distal end of the tubular member. 

17. The apparatus of claim 16, wherein the imagmg device comprises an 
endoscope received within a lumen of the tabular m^ber. 

18. The apparatus of claim 16, wherein the imaging device comprises an 
elongate meniber comprising a distal end having a size for introduction into a body lumen. 

19. A method for closing a septal defect within a patient's heart, the septal 
defect comprising a flap of tissue partially detached from a septum wall between jBrst and 
second chambers of the heart, the flap of tissue and surroimding tissue defining a septal 
opening through the septum wall, the method comprising: 

providing a needle comprising a first end defining a tissue-penetrating tip, a second 
end defining a substantially blunt tip, and an intermediate portion between tixe first and 
second ends fix>m which a filament extends; 

advancing the needle through Hoq patient's vasculature until the needle is disposed 
within the first chamber of the heart adjacent the septal openmg; 

directing the first end of the needle through the flap of tissue until the second end 
passes through the flap of tissue and the needle is disposed wittiin the second chamber of 
theheart; 

pulling the filament, thereby causing the needle to pivot about the intermediate 
region such that the first and second ends of the needle straddle the septal opening within 
the second chamber, and 

directing the flap of tissue mto engagement with the septum wall to at least 
partially close the septal opening. 
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movement of the outer calheter 52, the pusher member 54, and/or the filament 30. For 
example, the actuator may be j&xed to the outer catheter 52 and coupled to the pusher 
member 54 for advancing the pusher member 54 relative to the outer catiieter 52 (or 
alternatively, for retracting the outer catheter 52 relative to the pusher member 54). 
5 Preferably, the actuator aUows advancement of the pusher member 54 such that the distal 
end 64 of the pusher member 54 extends a predetermined distance beyond the distal tip 58 
ofihe outer catheter 52 and then prevents further distal advancemmt ]bi addition, the 
actuator may be coupled to the second end of the filament 30, 6.g., for pulling the filament 
proximally relative to the outer catheter 52 and/or pusher member 54, as described further 
10 below. 

Use of the apparatus 10 for closing i septal defect $4 is shown in conjunction with 
FIGS. 3-5D. FIG. 3 generally shows a heart 90 of a patient, including heart chambers 91, 
92 separated by a septum wall 93. The septal defect 94, such as a PFO or PDA, is shown 
iia the septum wall 93, which may be located in the sq>tum wall between the right atrium 

15 and the left atrium of the heart As best seen in FIGS. 4A-5D, the septal defect 94 may 
include a flap of tissue 95 that is at least partially detached from the septum wall 93, 
thereby defining an opening 96 in the septum wall 93. Alternatively, the septal defect may 
be an opening that extends through the septum wall 93, e.g., laterally such that the septal 
defect includes flaps of tissue that partially overlap one another (not shown). 

20 The apparatus 10, i.e., the delivery apparatus 50 with the needle apparatus 12 

therein (the latter not shown in FIG. 3, see FIGS. 5A-5D), may be introduced into the 
patient's vasculature, e.g., from a percutaneous entry site in a peripheral vessel, such as the 
femoral artery, carotid artery, and the like (not shown). The apparatus 10 may be 
advanced endoluminally within the patient's vasculature, e.g., through the aortic arch 97 

25 and into the heart 90 until the distal end 56 is disposed within the chamber 91, which is 
shown in FIG. 3 to be the left atrium. Preferably, access into ttie heart 90 may be obtained 
using a venous approach. The apparatus 10 may be introduced percutaneously into a 
peripheral vem, such as the femoral or jugular vein, and advanced through the v^ cava 
(not shown) into the right atrium, 

3 0 With particular refereaice to FIGS. 5A-5D, the distal end 56 of the apparatus 10 

may be advanced into contact with a proximal surfece 95a of the flap of tissue 95, e.g., 
such diat the flap of tissue 95 is disposed proximate the septal opening 96, as shown in 
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FIG. 5A (e.g., within the right atrium, not shown). The pusher memher 54 may be 
advanced distally relative to the outer catheter 52, thereby piercing the first end 16 of the 
needle 14 through the flap of tissue 95 until the needle 14 enters the chamber 92 beyond 
the septum wall 93 (e.g., the left atrium, not shown), thereby creating a puncture 99. 
5 Preferably, the penetrating tip on the first end 1 6 of the needle 14 is substantially shaip to 
facilitate piercing and passing througji the flap of tissue 95. The substantially blunt tip on 
the second end 18 of the needle 14 enhances engagement with die distal end 64 of the 
pusher member 54 to facilitate pushing the needle 14 Oirough flie flap of tissue 95 to create 
the puncture 99. 

1 0 Ptefeiably, the pusher member 54 is advanced distally until the second end 18 of 

the needle 14 passes entirely through the flap of tissue 95, as siK>wn in FIO. 5B. For 
example, the actuator (not shown) on the deliveiy apparatus 50 may allow controlled 
advancement of tiie pusher member 54 to allow the distal end 64 of pusher member 54 to 
be disposed a predetermined distance beyond the distal tip 58 of Ifae outer ca&eter 52. 

1 5 Preferably, the predetermined distance is a distance greater than a thickness of the flap of 
tissue 95, e.g., at least about two to ten millimeters (2-10 mm), such that the distal end 64' 
of the pusher member 54 passes through flie puncture 99, thereby ensuring that the second 
end 18 of the needle 14 is advanced completely beyond the distal sur&ce 95b of the flap of 
tissue 95. 

2 0 The pusher member 54 may then be retracted proximally, e.g., to withdraw the 

distal end 58 back through the flap of tissue 95 and at least partially into the lumen 60 of 
the outer catheter 52. The filament 30 may be pulled proximally, either before or after 
retraction of the pusher member 54, thereby causing the second end 18 of the needle 14 to 
engage the distal surface 95b of the flap of tissue 95. Because of the substantially blunt tip 

25 on the second end 1 8, the needle 14 may not pass back through the puncture. Preferably, 
because of Oe flared outer edge 24, the second end 18 of the needle 14 is of&et laterally 
relative to the distal end 64 of the pusher member 54, thereby preventing the second end 
1 8 j&om following the pusher member 54 back through the puncture 99. Thus, the second 
end 1 8 engages the distal surface 95b and retains the needle 14 entirely within the chamber 

30 92. 

With particular referrace to Fia 5C, because the filament 30 is coiq)led to the 
mtermediate region 20 of the needle 14, continued pulling of the filament 30 proxhnally 
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may cause the needle 14 to pivot about the intermediate region 20. Preferably, the 
rounded inner edge 26 allows tlie second end 18 of the needle 14 to slide and pivot along 
the distal surface 95b of the flap of tissue 95 and/or along the septum wall 93. As the 
filament 30 is pulled further, the needle 14 is directly substantially transversely, and 
5 preferably substantially parallel to the septum wall 93, e.g., until it abuts the distal sur&ce 
95b of Oie flap of tissue 95 and/or flie septum wall 93, as best seen m FIGS. 4A and 5C. 
Preferably, a length of the needle 14 is substantially longer than a width of the opening 96 
such &at the first and second ends 1 6, 1 8 of the needle 14 straddle the opening 96 and 
engage the septum wall 93 on eito side of the septal defect 94. 

10 As best sera in FIGS. 4B and 5D, the clip 40 may then be secured to the filament 

30 such tiiat the clip 40 substantially abuts the proxinml sur&ce 95a of the flap of tissue 
95. For example, in one embodiment, the clip 40 may be provided wiflun the lumen of the 
outer caliieter 54 and advanced along the filament 30 towards the needle 14 until the clip 
54 contacts fte proximal sui&ce 95a. As the clip 40 is directed further distally, the flap of 

1 5 tissue 95 is forced into contact with the septum wall 93 surrounding the opening 96, 
possible even filling the opening 96, as shown in FIG, 4B. 

Alternatively, the clip 40 may be carried by a separate device (not shown) than the 
delivery apparatus 50. For example, a clip carrier (not shown) may be introduced into the 
chamber 91, e.g., firom a percutaneous entry site (not shown), and advanced endoluminally 

20 into the chamber 92. In a further alternative, the outer catheter 52 of the delivery 

apparatus 50 may include an additional lumen (not shown) from which a clip carrier may 
be advanced. 

Ite clip 40 may be directed around the filament 30 and secured within the slot of 
die filament 30. For example, the clip carrier may include a hammer-anvil arrangement 
25 (not shown) that may be used to crimp or otherwise plastically deform the clip 40 to 

substantially engage the filament 30. Preferably, tension is applied to the filament 30, and 
&e clip 40 is brought into close proximity with the proximal surface 95a of the flap of 
tissue 95 before flie clip 40 is crimped, thereby securing the clip 40 against the flap of 
tissue 95. 

3 0 Altomatively, the clip 40 may be slidably received on the filament 30, e.g., by a 

separate clip carri^ (not shown) or may be provided on the filament 30 within the delivery 
apparatus SO (also not shown). One or more tools may be used to apply proximal tension 
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to the filament 30 and drive the clip 40 distally towards the needle 14, e.g., until the clip 
40 engages the flap of tissue 95, 

This arrangement of needle apparatus 12 may be used for a flap of tissue 95 that 
fills proximally away from the opening 96 in the septum wall 93 (into &e proximal 
5 chamber 91 shown in FIG. 3). As fiie clq) 40 is advanced distally over the filament 30, the 
first and second ends 16, 1 8 of the needle 14 may provide anchors such that die clip 40 
may push the flap of tissue 95 into the opening 96 and/or into contact wifii the surrounding 
septum wall 93. 

Alternatively, if fiie flap of tissue 95 fills distally away fix)m the opening 96 (not 
1 0 shown), the filament 30 may be pulled proximally in order to cause the needle 14 to direct 
the flap of tissue 95 into contact wifii the septum wall 93 surroundmg tbe opening 96 
and/or to substantial^ fill the opening 96. To hold the flap of tissue 95 in this closed 
position, a clip (not shown) may be advanced over die filament 30 or otherwise secured to 
the filament 30. Preferably, the clip has a length or cross-section diat is greater than the 
15 cross-section of the opening 96 such that the clip abuts the septum wall 93 surroxmding the 
opening 96. Thus, the flap of tissue 95 may be sandwiched between the needle 14 and the 
clip, which engage opposing surfaces of the surrounding septum wall in order to secure the 
flap of tissue 95 substantially closed. 

Once the needle 14, clip 40, and flap of tissue 95 are secured as desired, the 
2 0 filament 30 may be cut and the delivery apparatus 50 removed from the patient's body. 
For example, the clip carrier may include a cutting element (not shown) that may be used 
to cut the filament at a location close to the clip 40, as shown in FIGS. 4B and 5D. The 
cutting element may simply be a blade, scissors, and the like that is deployable fix>m the 
clip carrier. Altematively, a cutting element may be advanced through a lumen (not 

2 5 shown) in the outer catiieter 52, or may be a separate device that may be introduced 

indq)endently through the patient's vasculature mto the chamber 92 of tiie heart 90. 

It will be appreciate by tiiose skilled in the art that the procedure described herem 
may be monitored in a variety of ways. For example, the delivery apparatus 50 may 
include an imaging device, such as an endoscope or other fiber optic device, an 

3 0 intravascular ultrasound CTVUS**) device, and flie like (not shown). The device may be 

provided on the distal end 56^of the outer catheter 52, e.g., attached to or adjacent the 
distal tip 58 or advanceable fiom a lumen (not shown) therein. In a further alternative. 
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extemal imaging may be used, either alone or in conjunction with direct visualization. For 
©cample, the needle 14, the clip 40, the outer caflieter 52, and/or the pusher member 54 
may include radiopaque markers (not shown) at predetennined locations that may be 
observed using fluoroscopy and the like. 
5 Tuming to FIGS. 6 and 7, ano^r preferred embodiment of an apparatus 1 10 is 

shown for closing a septal defect, such as a FFO or PDA, that generally includes a needle 
q)paiatus 1 12 and a delivery apparatus 150 for introducing and deploying flie needle 
apparatus 112. 

WiQi particular refetence to FIG. 6, the needle apparatus 1 12 includes an elongate 
10 needle 1 14 including a first end 116 defimng a tissue-penetrating tip, a second end 1 18 
defining a substantially blunt or rounded tip, and a longitudinal axis 119 between fhe first 
and second ends 1 16, 1 18. Hie needle 1 14 may be fonned team a variety of substantially 
rigid biocompatible materials, e.g., stainless steeL 

Preferably, the needle 114 includes a longitudinal slot 122 therein that extends 
15 between an intermediate region 120 of die needle 1 14 and the second end 118. The second 
end 118 of the needle 1 14 may include a flared outer edge and/or a rounded inner edge 
(not shown), similar to tiie previous embodiment The second end 1 18 of the needle 1 14 
preferably has a cross-section that is substantially larger than the first end 116, and more 
preferably that is substantially larger than the intermediate region 120. For example, the 
20 second end 1 18may have a generally * V shape, as shown, defining the slot 122 between 
edges 123. 

The needle apparatus 1 12 also includes a filament 130 that extends firom the 
intermediate region 120 of the needle 1 14. The filament 130 may be formed fi:om a 
superelastic and/or shape memory material, such as Nitinol. Preferably, the filament 130 

25 is biased towards a coiled configuration, such as diat shown in FIG. 6, yet may be 

deformed into a g^erally linear configuration, such as that shown in FIG. 7. A fii^ end 
132 of die filament 130 is substantially permanently attached to the intermediate region 
120, e.g., by bonding or welding, similar to the previous embodiment. Preferably, the first 
end 132 is attached within or adjacent to tibie slot 122, and a second end 133 of the filament 

30 130 is loose. 

In its unstressed or relaxed state, the filament 130 includes a fibrst segment 134 that 
extends fcom the first end 132 transverse^, and preferably substantially perpendicularly. 
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- to the longitudinal axis 1 19. The filament 1 30 also includes ^ second segment 136 that 
extends transversely froin the first segment 134, and preferably substantially 
perpendicularly to the first segment 134. More preferably, the second segment 136 is 
biased to define a planar configurationj e.g., in the shape of a coil, as shown in FIG. 6. 
5 The planar configuration generally defines a plane that extends substantially parallel to the 
longitudinal axis 1 19 of the needle 1 14. 

Alternatively, Hie second segment 136 may be biased towards otiier configurations 
instead of a coil that generally define a plane. For example, at least a portion of the second 
segment 136 may be biased towards a generally "L," 'TJ," and/or "S" shape lying 

10 within Ifae plane. 

Taming to FIG. 7, the delivery apparatus ISO generally includes a sheath or outer 
member 1S2, and an inner pusher member 1S4. The sheafh 152 generally is an elongate 
tubular member includmg a proximal end (not shown), a distal end 156, and a lumen 158 
extending therebetween. Hie distal end 156 preferably has a size and ^pe for facilitating 

15 insertion into and along a blood vessel or otiier body lumen (not shown). The lumen 158 
has a size for receiving the needle 114 therein, preferably such that the first end 1 1 6 is 
disposed distally to the second end 1 1 8, as shown. 

The pusher member 154 is slidably disposed within the lumen 158, and includes a 
distal end 160 that is disposed proximate the second end 1 1 8 of the needle 1 14. The 

2 0 pusher member 1 54 may be movable axially relative to the sheath 1 52 for ejecting the 
needle 1 14 distally fix)m the lumen 158. The pusher member 1 54 includes a gripping 
mechanism (not shown) for releasably securing the loose end (also not shown in FIG. 7) of 
the filament 130. The gripping mechanism may retrain the filament 130 in the generally 
linear configuration, as shown in FIG. 7. The gripping mechanism may include a clamp 

2 5 (not shown) that may be slidably received in or otherwise coupled to the pusher member 
1 54. Hie clamp may be opened to receive the loose end of the filament, closed to secure 
the filament Ihereto, and then opened again to release the filament, as explained fiulher 
below. Alternatively, the filament may be directed into a slot (not shown) in the pusher 
member and secured within the slot by a coaxial member (also not shown) disposed within 

30 or around the pusher member 1 54. 

An actuator (not shown) may be provided on the proximal end of the pusher 
member 154 and/or the sheath 152 for controlling or activating movement of the pusher 
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member 1 54 relative to the sheath 1 52. In addition or alternatively, the actuator may be 
activated for releasing the loose end of the filament 130. 

In addition, an imaging element, such as an IVUS (not shown), may be associated 
" with the distal end 1 56 of the tubular member 1 52 for imaging beyond the distal end 156 
5 of the tubular m^ber 1 52 during a procedure, similar to the previous embodiment. 

T urning to FIGS. 8A and 8B, the apparatus 110 may be used to close and/oi seal a 
septal defect 94 within a patient's heart (not shown). Generally, the septal defect 94 
includes a flap of tissue 95 partially detached from a septum wall 93 between first and 
second chambers of the heart, such as a PFO or PDA as described above, such that the flap 
1 0 of tissue 95 and surrounding tissue define a septal opening 96 throu^ the septum wall 93. 
Initially, a needle 114 may be provided that includes a first end 1 16 defining a 
tissue-penetcating tip, a second end 118 defining a substantially blunt tip, and an 
intermediate portion 120 between the first and second ends 1 16, 118 Aom which a 
filament 130 extends. The needle 1 14 may be disposed within a lumen 158 or otherwise 
15 carried by a sheath 152. Preferably, the filament 130 is secured to a pusher member 154,- 
the distal end 160 of which is disposed adjacent the second end 1 1 8 of the needle 1 14. 

The needle 114, e.g., within the sheath 152, may be advanced through the patient's 
vasculature imtil the needle 1 14 is disposed within the first chamber of flie heart, e.g., 
adjacent the septal opening 96. The first end 1 1 6 of the needle 1 14 may be inserted 
2 0 through the flap of tissue 95, as shown in FIG. 8A, until the second end 1 1 8 passes 

through the flap of tissue 95 and an overlapping portion of the septum wall 93. Preferably, 
the pusher member 154 is advanced against the second end 1 1 8 of the needle, thereby 
directing the needle 1 14 entirely through the septum wall 93 until the needle 1 14 is 
disposed within the second chamber of the heart. 

2 5 The filament 1 30 may tihen be pulled proximally, thereby causing the needle 1 14 to 

pivot about the intermediate region 120 such that the needle 1 14 extends substantially 
parallel to the septum wall 93. The first and second ends 1 16, 1 18 of the needle 1 14 may 
straddle the septal opening 95 within the second chamber, similar to the previous 
embodiment, or otherwise draw the flap of tissue 95 against the septum wall 93. The 

3 0 filament 1 30 may tiien be released from the pusher member 1 54, and the sheatii 1 52 and 

pusher member 152 removed firom the patient 
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Once the second end of the filament 1 14 is released, because of its inherent bias, 
the filament 130 may resiliently assume a generally planar configuration, thereby engaging 
the flap of tissue 95 and/or the septum wall 93 between the needle 1 14 and the filament 
130. Preferably, a first segment 134 of the filament 130 extends transversely firom the 
5 needle 1 14, i.e., through the flap of tissue 95 and septum \yall 95, A second segment 136 
of the filament 1 30 assumes a planar configumtion against the flap of tissue 95 to at least 
partially close iOie septal opening 95, as shown in FIG. 8B. 

Preferably, as explained above, flie filament 130 may assume a coiled 
configuration defining a plane that is generally parallel with the septum wall 93. The 
1 0 filament 1 3 0 in the coiled configuration may have sufficient width to engaging tissue 

surrounding the opening 96. Alternatively, the filament 130 may sinq)ly retain the needle 
114 against the flap of tissue 95, thereby maintaining the flap of tissue 95 against the 
septum wall 93 to substantially close and/or seal the qpening 96. 

While flie invention is susceptible to various modifications, and alternative forms, 
15 specific examples thereof have be^ shown in the drawings and are hsreixx described in 
detaiL It 'should be understood, however, that the invention is not to be limited to the 
particular forms or methods disclosed, but to the contrary, the invention is to cover all 
modifications, equivalents and alternatives falling within the spirit and scope of the 
appended claims. 



20 
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WHAT IS CLAIMED IS: 

1 . An apparatus for closing a septal defect, comprising: 

an elongate needle comprising a first end defining a tissue-penetrating tip> and a 

second end defining a substantially blunt tip; 
5 a filament extending from an intemoiediate portion of the needle between the first 

and second ends; and 

a locking element securable to tfae filament, Ifaeieby preventing flie locking element 

fiiom moving along the filament away from the needle. 

10 2. The apparatus of claim 1» wherein the needle has a tapered cross-section 

such that the second end is substantially larger than the first end. 

3. The q)paratus of claim 1» wherem the needle comprises a slot therein 
e?ctending from the intermediate portion to tiie second end, the slot having a size for 

15 receiving a portion oftfae filament therein. 

4. The apparatus of claim 1 » wherein the filament is pivotally coupled to the 
intermediate portion of the needle. 

20 5. The apparatus of claim 1 , wherein the intermediate portion of the needle 

comprises a hole through which the filament is substantially secured to the needle. 

6. The apparatus of claim 1, wherein the locking element comprises a clip 
slidable along the filament towards the needle, the clip comprising engaging elements for 

2 5 preventing the clip fix)m bemg moved along tiie filament away from the needle. 

7. The apparatus of claim 1 , fiirfiier comprising: 

a tubular member comprising proximal and distal ends and a lumen therebetween, 
the distal end having a size for insertion into a blood vessel, the needle bemg carried 

3 0 within the lumen such that the first end is disposed distally to tiie second end; and 

a pusher member slidably disposed within the lumen, the pusher member 
comprising a distal end disposed proximate the second end of the needle, the pusher 
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member being movable axially relative to the tubular member for ejecting the needle 
distally from the lumen. 

8. The apparatus of claim 7, wherein the pusher member comprises a lumen 
5 extending proximally from tiie distal end of the pusher member, and wherein the filament 

is leceived tinough the lumen. 

9. The apparatus of claim 8, further comprising an actuator on fhe proximal 
end of the tubular member for advancing the pusher member relatiye to the tubular 

1 0 member such that fhe distal end of the pusher member extends a predetermined distance 
beyond flie distal ^d of the tubular memb^. 

10. The apparatus of claim 9, whctem the second end of the needle has a cross- 
section that is substantially larger than a cross-section of the distal end of the pusher 

15 member. 

1 1. The apparatus of claim 10, wherein fhe second end of fhe needle comprises 
a flared outer edge such that the second end extends laterally from the distal end of the 
pusher member. 

20 

12. The apparatus of claim 9, wherein the actuator is coupled to the filament for 
pulling die filament proximally after the pusher member is advanced the predetermined . 
distance. 

2 5 13. The apparatus of claim 12, wherein the second end of the needle comprises 

a rounded edge for facilitating pivoting of the needle about the intermediate region when 
the filament is pulled proximally. 



30 



14. The apparatus of claim 1 , furfiier comprising a carrier member having a 
proximal end and a distal end having a size for introductioti into a body lumen, and 
wherein the locking element is releasably carried by the distal end of ttie carrier member. 
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20. The method of claim 1 9, wherein the step of directing the flap of tissue 
comprises securing a locking element to the filament, the locking element engaging the 
proximal surface of the flap of tissue to secure the flap of tissue between the needle and 
the locking element. 

21. The method of claim 20» wherein &6 step of securing the locking element 
comprises introducing a carrier member into the first chamber of the heart, the carrier 
member carrying the locking element 

22. The method of claim 20, wh^in the carrier member is manipulated to 
receive the filament within a slot in the locldng element, and wherein the locking element 
is crimped to secure flie filament within the slot 



15 23. The method of claim 19, wherein a locking element comprises a clip 

slidably secured on the filament 

24. The method of claim 19, wherein the step of directing the flap of tissue 
comprises advancing the clip along the filament towards the needle until the flap of tissue 

20 is secured against the tissue surrounding the septal opening. 

25. The method of claim 19, wherein the step of pulling the filament comprises 
slidably engaging the blunt tip of die needle along a distal sur&ce of the flap of tissue, 
thereby causing the needle to pivot about the intermediate region of the needle. 



25 



26. The method of claim 2S, wherein the blunt tip of the needle comprises a 
rounded inner edge for facilitating movetnent of the needle along the distal sur&ce. 
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27. The method of claim 1 9, wherem the needle is disposed within a distal end 
of a delivery apparatus comprising a catheter and a pusher member slidably coupled to one 
another, and wherein the step of advancing the needle comprises advancing the distal end . 
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15 



20 



of the delivery apparatus into the first chamber until the distal end is disposed adjacent the 
flap of tissue. 

28. The method of claun 27, wherein the step of directing the first end of the 



29. An apparatus for closing a septal defect, comprising: 

an elongate needle comprising a first end defining a tissue-penetcating tip, a second 
end defining a substantially blunt tip, and a longitudinal axis extending between the first 
and second ends; and 

a filament extending fix}m an intemiediate portion of the needle between the first 
and second ends, at least a segment of the filament being biased towards a configumtion 
defining a plane extending generally parallel to the longitudinal axis^ the filament being 
resiliency extendable towards a generally linear configuration. 

30. The apparatus of claim 29, wherein the needle has a tapered cross-section 
such that the second end is substantially larger than the first end. 

3 1 . The apparatus of claim 29, wherein the needle comprises a slot therein 
extending fi:om the intermediate portion to the second end, the slot having a size for 
receiving a portion of the filament therein. 

32. The apparatus of claim 29, wherein the filament comprises first and second 
segments, the first segment attached to the intermediate portion of the needle and biased to 
extend transversely wilfa respect to tiie longitudinal axis, the second segment extending 
firom the first segment and being biased to extend transversely to flie first segment such 
that the second segment defines the plane. 



needle tiuough the flap of tissue comprises advancing the pusher xnember distally relative 
to the catheter, thereby directing &e needle fiom within tihe delivery apparatus. 
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33. The apparatus of claim 32, wherein the second segment is biased towards a 
coiled configuration, flie coiled configuration lying substantially within the plane. 
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34. The apparatus of claim 32, wherein the second segment is biased towards a 
planar configuration lying substantially within the plane. 

35. The apparatus of claim 34, wherein the planar configuration .comprises at 

5 least one of an '*L " a **U " a "Y," and an "S" shape that lies substantiaDy within the plane. 

36. The qjparatusofclaim 29, further comprising: 

a tubular member comprising proximal and distal ends and a lumen therebetween, 
the distal end having a size for insertion into a blood vessel, fbe needle being carried 
1 0 within the lumen such 4iat the first end is disposed distally to the second end; and 

a pusher member sUdably disposed within the lumen, the pusher member 
comprising a distal end disposed proximate the second end of the needle, the pusher 
member berag movable axially relative to the tubular member for ejecting the needle 
distally fiom Ihe lumen. 

15 

37. The apparatus of claim 36, wherein the pusher member comprises a 
gripping mechanism for releasably securing a loose end of the filament, thereby restraining 
the filament in the generally linear configuration. 

20 38. The apparatus of claim 37, further comprising an actuator on the proximal, 

end of the pusher member for releasing the loose end of the filament, whereupon the 
filament becomes biased to assume the planar configuration. 

39. The apparatus ofclaim 36, fcirther comprising an imaging element 

2 5 associated with the distal end of the tubular m^ber for imaging beyond the distal ^d of 

the tubular memb^. 

40. A method for closing a septal deifect within a patient's heart, the septal 
defect conq>rising a flap of tissue partially detached fiom a septum wall between first and 

3 0 second chambers of the heart, the flap of tissue and surrounding tissue defining a septal 

opening through the septum wall, the method comprising: 
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providing a needle comprising a fitst end defining a tissue-penetrating tip, a second 
end defining a substantially blunt tip, and an intermediate portion between the first and 
second ends from which a filament extends; 

advancing tiie needle Hixough the patient's vasculature until the needle is disposed 
5 within flie first chamber of the heart adjacent the septal opening; 

directing the first end of the needle ftrough the flap of tissue until the second end 
passes flm)ugh the flap of tissue anid the needle is disposed within the second chamber of 
the heart; 

pulling the filament, thereby causing flie needle to pivot about the intermediate 
1 0 region such that the first and second ends of the needle straddle the septal opening within . 
the second chamber; and 

releasing the filament, the filament resiliently asswning a generally planar 
configuration, thereby engaging the flap of tissue between the needle and the filamrat to at 
least partially close the septal opening. 
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